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The cooling character is t ics  of three R-1830-94 engines, two of 
which were mounted i n  a t e s t  stand and the other in  a B-24D afrplane, 
were investigated and the r e sa l t s  were compared. The f l i g h t  tests 
were made a t  a pressure a l t i tude  of 7000 feet;  the test-stand runs 
were made at ground-level atmospheric conditions. Three cooling 
mms were made f o r  each engine:. 
variable carburetor-air flow, and variable fue l -a i r  r a t io .  

variable cooling-air pressure drop, 

Cooling-prediction calculations applied t o  two test-stand and 
one f l i g h t  R-1830-94 englnes, equipped with the same instrumentation, 
indicated tha t  the differences i n  predicted maximum and average 
cylinder temperature between any two engines were mainly caused by 
internal  engine conditions. The m a x i m u m  calculated temperature 
difference at take-off power vas 4 9 O  F and occurred between the 
f l i g h t  engine and one test-stand engine f o r  the cylinder heads. 
recommended cruise power, the maximum difference between any two 
engines w a s  16O F. 

A t  

Actual cylinder temperatures of the three engines a t  nearly 
the same operating conditions of charge-air flow, fue l -a i r  ra t io ,  
and cooling-air pressure drop parallelel! predicted temperatures f o r  
the same conditions. This r e su l t  w a s  found t o  be t rue  f o r  a l imited 
period of engine running time, t h i s  period coinciding with the t i m e  
during which the cooling-correlation data were taken. 

D 
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An investlgation is being conditcted at  the NACA Cleveland labo- 
ra tory at  the request of the A f r  I4ateriel Comand, Army A i r  Forces, 
with three R-1830-94 engines, one instal led i n  a nacelle of a 
stanaard E-24D airplane and two on t e s t  stands, t o  correlate the 
knock-limited 2erforroance of these engines and t o  evaluate t r iptane 
as a component of aviation fzels i n  typ ica l  a i r c r a f t  engines. 

The correlation of 'mock-limitefl gerformance is dependent upon 
The cooling charac- cylinder temperatures and cooling l imitations,  

t e r i s t i c s  of the fl igii t  engine were reported in  reference 1 ( par t  
of t h i s  se r ies  of reports) ,  which presents the resu l t s  of high- 
performance f u e l  tes-bs i n  R-1330-94 engines, A ccrnpwison or" f u e l  
h o c k  l i m i t s  and engine cooling l i m i t s  is p-esen-tefi i n  reference 2 
(par t  11). 
sented i n  reference 3 ( p a r t  111) s 

A comperison of 33..R and trlptane-bleniied faels is pre- 

The present repczt gives a zoollng cop_ra!-ation f o r  comparing 
cyliniler t e u p r a t m e a ,  cool ing-air  pressure  drop^ across the cyl- 
Snciers; and carbw-etor-air -tlot;.j of ?2-1830-SIr en&r?es in  fl;iglit an& 
in tes t -s tan4 opmafion, an& is amilogaus t o  refnrcnce $3 which 
presents a comprSson of flight and test-stand R-2830- 9OC engims. 
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were removed t o  permit individual exhaust stacks t o  be led  out 
rad ia l ly  behind the cowling. 
t ions  was furnished t o  the t e s t  engines through a variable-speed 
blower, a heat exchanger, and a 20-inch-diameter pipe. 

Carburetor air at ground-level condi- 

Engine instrumentation- - The location of a l l  thermocouples 
and cooling-air pressure tubes is completely described i n  re fer -  
elnce 1. 
T T ~ S  similar except f o r  the absence of rear-spark-plug-gasket 
ther;mocouples on the test-stand engines. 

The instrumentation f o r  the f l i g h t  and test-stand engines 

Riel  flows were measured by a deflecting-vane-type fQel  flow- 
meter in f l i g h t  and by rotameters on the t e s t  stands. 
air-f low measuremer;ts were obtained from the observed uncompensated 
carburetor-metering pressure and converted t o  air flows by means of 
carburetor calibrations.  On the tes-t-stand instal la t ion,  air  flows 
were obtained by a 6-inch-diameter or i f ice  ins ta l led  in the 
carburetor-air duct according t o  A.S.M.E. specifications. 

I n  f l i gh t ,  

The method used i n  correlating the cooling data w a s  that  devel- 
The general procedure, oped by Pinkel and presented i n  refel-ence 5. 

the metho& of calculating a l l  associated secondary data, and a 
sample calculation are presented and emlained i n  reference 4 ,  

T k e e  ser ies  of runs (variable carburetor-air flow, variable 
cooling-air pressure d r o ~ ,  and variable fue l -a i r  r a t i o )  were made 
a t  an engine speed of 2250 r y m  in  low supercharger gear r a t i o  at  a 
spark advance of 2 5 O  B.T,C. Flight t e s t s  were made at  a pressure 
a l t i tude  of 7000 feet ;  test-stand runs were made at ground-level 
atmospheric conditions. 

Tine following synibols a re  used i n  the cooling correlation: 

N engine speed, q m  

n,m,K constants derived from cooling data 

T average engine temperature, cylinder heads or  barrels, OF 

Ta cooling-air stagnation temperature, OF 
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carburet or i n l e t  -air t empemture '3' 

mean effect ive gas temperature, cylinder heads o r  barrels,  O F  

mean effect ive gas temperature based on manifold temperature 

charge -air flow, pounds per hour/lOOO 

of 00 F, cylintier 'maiis or  barrels,  OF 

average cooling-air pressure drop, inches of water 

r a t i o  of cooling-air s t a p t i o n  density at front  of engine t o  
NACA standard density at sea leve l  

Cooling -Come lat ion Equat ions 

The constants n and rn were obtained by means of the method 
T - T, 
Tg - T vas plotted outlined i n  references 3. and 4, and khe function 

against  - . 
on the sane logarithmic p i d  is misleading because variations i n  
exFonents n/m 
of each engine. 
logarithroic $rids fop each engine (fig. 1). 
engine-cooling variables tha t  makes use of C'lese curves must be 
arr ived at  by sabst i txt ing specif ic  values of the variables i n  the 
functions, expressed bjr the ordinate and abscissa scales, and by 
determining changes i n  Wc, oAp, and IC caused by the different  
curves of each engine. 

?qC n/m 
A d i rec t  comparison of tke l ines  f o r  each engine 

cause differences i n  the value of the abscissa scales 
For th i a  reasoa the curves were plot ted on separate 

DAp 

Any comparison of 

The cooling variables may be analyt ical ly  calculated by solving 
the  equations defining these curves. 
usually given i n  the f o m  

The working equation is 

n T - T, I?- 

For ease of comparison 
engine are  presented: 

of the  variables, the constants f o r  each 
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K n m n/m 
Cylinder heads 

Fl ight  engine 0.270 0.683 0.320 2,134 
Test-stand engine 1 ,274 .5i6 .305 1,890 
Test-stand engine 2 .280 -594 ,303 1,960 

Cylinder bar re l s  
Flight engine 0,505 0.742 0,567 1.309 
Test-stand engine 1 ,365 ,689 -469 1+470 
Test-stand engine 2 ,490 -566 ,446 1.270 

The constant n determines the degree of e f fec t  t ha t  charge- 
T - T, 

and hence on cylinder tempera- a 

Tg - T air  flow has on the function 

tures .  This e f fec t  is seen t o  vary as much as 16 percent at the 
cylinder heads and 24 percent a t  the cylinder barrels  between any 
two engines, which indicates differences i n  internal  engine condi- 
t ions. 

The constant m determines the degree of e f fec t  of a h p  on - 
T - Ta 

T, - T 
the function , A variation of 5 percent at  the cylinder 

heads between a$ two engines indicates a very uniform effeck of 
cooling air upon average cylinder-head tempel-atures, 
inder bar re l s  t h i s  difference increases t o  23 percent, which indi-  
cates l e s s  uniformity of cylinder-barrel cooling between any two 
engines 

A t  the cyl- 

A comparison of the vaLvtes of the constant K, or ordinate 
intercept of the correlat ion curves, is meaningless when different  
abscissas am used. Xhen an average value of the exponent n/m fo r  
a l l  three engines is used i n  plot t ing the correlation l i nes  as in 
figure 2, however, a common abscissa is  obtained and the intercept K 
becomeeta measure of the re la t ive  posit ion of the l i nes  i n  the noma1 
operating range of the engines (the cylinder-barrel curves tend t o  
cross each other at extremely low powers). The values of K taken 
from figure 2 are : 

Engine Heads Barrels 

Fl ight  0.295 0,497 
Test stand 1 .265 ,419 
Test stand 2 ,275 -466 



This method of plot t ing the  correlation lines (fig.  2) affords 
8 i r ec t  visual  comparison of the CUTV~EJ  of eaeh engine. 
cylinder-temperature Levels of the engines for constant power and 
cooling is apgazent by inspection. 
of r a t e  of clmnge of cylirzder temperature with power and with OAp. 
The cwves of figure 2, however, should not be used f o r  calculating 
specif ic  values of WC, GAP, o r  T because of the e r r o r  intro-  
duced i n  averaging the exponents but ahould serve f o r  d i r ec t  visual  
comparison , 

The relative 

The slopes indicate the degree 

Calculation of Mean Ef fecl; ive Gas Temserature 

The experimental data i n i t i a l l y  used f o r  calculating corre- 
latSon equations, namely, the data a t  variable oAp and variable 
I fc t  were taken at  a constant fue l -a i r  r a t i o  of 0.08. A value of 
T of 1086’ F fo r  cylinder heads and 536O F for cylinder barrels  

w a s  assumed at  th i a  fue l -a i r  r a t i o  and at  a re2erence manifold tem- 
perature of Oo F. These values were used i n  the computations of 
the  cmre la t ion  eqwtions,  as i n  YePerences 1 and 4. 

Qo 

A curve of T plot ted against fue l -a i r  ra”Ci0 is useful i n  
The data 

BO 
c0021ng predictions at  fue l -a i r  r a t io s  other t:mn 0.08. 
Foints f o r  t h i s  cmve (fig, 3 ( a ) )  were obtained- by applying tlw 
correlation equations t o  widely varied tes t  data f o r  each engine 
under knocking and nonb-oclring conditions using 28-R, t r iptane-  
blerid, and xylidine-b2end fuels .  Taese data fall within the same 
band of s ca t t e r  irrespective of which engine was used and a curve 
fa i red  through these points (fig.  3 (b) )  passes tnrough the or iginal ly  
assumed values of T at a feel-air r a t i o  of 0.08. The s5gnifi- 
cance of t h i s  cuxve is  that, if  such widely unrelated data show a 
re la t ive ly  constant variation of 31 with fue l -a i r  ra t io ,  it may 

be considered usable f o r  cool inpcorrelat ion calcu1ai;ions on any 
R-1830-94 engine, 

Qo 

go 

Temperature Conversions 

Xa order t o  use the engine cooling specifications involving 
maxinum allowable engine temperatures i n  the correlakion equations, 
which were based on average cylinder temperatures, the re la t ion  
between average 
Average rear-spark-plug-boss temperature is plotted against m a x i m m u  
rear-spark-plug-boss temperature f o r  each engine in  f igure 4. 

max2mwn cylinder tem2eratures must be known. 

For 
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a13 three engines the deviations of maximm boss temperatures from 
the average tend t o  increase with increasing temperature; f o r  the 
f l i g h t  engine, however, t h i s  increase in deviation is less pro- 
nounced. Conversions of rear-spark-plug-g~sket temperatme are 
presented i n  figure 5 f o r  only the f l i g h t  engine because no gasket 
theirnocouples were ins ta l led  on the test-stand engines; t h i s  
curve, however, w a s  considered suitable f o r  test-stand calculations 
involving gasket-temperature conversions. 

Average cylinher-barrel temperatures plotted against m a x i m u m  
cylind-er-barrel tem2eratures as measured by rear-middle -barrel 
thermocouples and rear-hold-%own-flange thermocouples a re  pre- 
sal ted in f igures  6 and 7, respectively. I n  figure 6 the maximum 
middle-barrel temperatures show more nearly a constant difference 
from the average throughout the temperature range than cylinder-head 
temperatures; t h i s  diffe,rence is greatest  f o r  the f l i g h t  engine. In 
figure 7, the  deviation of maximum reLr-hold-down-flange temperatures 
f roa  the average increase with increasing temperature f o r  the f l i g h t  
engine and test-stand engine 1 and are more nearly constant fo r  
test-stand engine 2. 
perature ( f ig .  7)  show the l ea s t  agreement of a l l  maximum-to-average 
conversions -presented in  figures 4 t o  7,  
may be caused by the rear-hold-down-flange thermocouples par t ly  
re f lec t ing  cylinder-barrel temperatares and par t ly  ref lect ing crank- 
case tem.i3eratures, which a re  primarily dependent on o i l  flow. 

The conversions of rear-hold-down-flange tem- 

This lack of agreement 

The re la t ion  between average rear-spark-plug-boss and average 
rear-spark-plug-gasket temperatures a re  shown in  figure 8 f o r  only 
the flight-engine data because of the absence of spark-plug-gasket 
thermocouples on the t e s t  -stand engines This conversion (f Ig, 8> ,  
used in  conJunction with tha t  shown i n  figure 5, permits m a x i m u m  
rear-spark-plug-gasket temperatures t o  be converted t o  average rear- 
spark-plug-boss temperatures, or permits cooling-correlat ion calcu- 
la t ions t o  be based on the manufacturer's specified m a x i m u m  temper- 
a ture  l i m i t s  (reference 6), which a re  given i n  terms of rear-spark- 
>lug-gasket temperatures. 

Average rear-middle -barrel temperature plotted against average 
rear-hold-down-flange temperature f o r  the three engines i s  shoim in 
figure 9 at  three representative values of cooling-air GAP,  Because 
individual curves f c r  each en&ine at  each oAp were f a i r l y  close 
together, an average OF the three engines at each oAp is  presented 
in figure 9 for c lar i ty .  The difference i n  oAp effect  i 3  caused 
by the difference i n  location of the rear-middle-barrel and the rear-  
hold-down-flange thermocouples on the cylinder. 



a 

Comparison Calculat ions 

NACA RiM %To. E6112 

Based on the cooling-correlation equations of each engine, ca l -  
cuiations were made t o  i so la te  and t o  compare f o r  each engim the 
three main variables affect ing cooli!:ig; nawely, the carburetor-air 
flow Wc, -the cylinder-head a d  cylinder-barrel cooling-alr pressure 
drop csAlpl and the cyllnder-:iead and cylinder-barrel temperature T. 
These calculations were made f o r  four specified engine operating 
conditions : take -off power, 100-percent normal rated power, maxim 
cruise power (67 -percent normal rated power), End manufacturer's 
recornended crxise power (44-percent normal rated pover) . 

The engine conditions at each of the four pok-ers are l i s t e d  in 
Fart A lists the Tianu-fastu"er's specified conditZon8 (ref table  I. 

ererice 6) .  These cond.itions inclule engine s?eed, mantfold pressure, 
brake horsepower, mixture -control set t ing,  and l imiting calrlnder tem- 
peratures a t  low supercharger gear r a t lo .  

The four important yarmeters  required t o  make the comparison 
calculations are  l b - t e d  i n  gar% B. 
these parameters are:  

The methods used fn obtaining 

(1) Cai-buretor-air f low COPI?US~Ondlng to the manifold pressurss 
and brake horsepowers given in par t  A were estimated from %est-engine 
data an& reference 7. 

( 2 )  f i e l - a l r  rat5os correspoading t o  the carburetor-air flows 
were obtaineCL from flow-bench tests of a Bt;.ndix-$tromberg PE-123'7 
carbu.retor, conciu-cted by Bendix Pyoducts Division of Bendix Aviation 
Corporation. 

(3) Avszilable cylinder-heaa and cylinder-barrel cooling-air pres- 
sure drops were obtained as follows: Tne Indicated airspeed of the 
airplane fl-yling a t  an a l t i t ude  of 7000 fee t  was determined f o r  normal 
rated, maximwl cruise, and recommended cruise powers. These values 
were t a k m  from B-24D uruising control charts (reference 8 ) .  
take-off ii)~wt7ir with a31 four engines operatin$ at  the s m e  conditiloas 
and. a gross weight of 50,000 pounds, m indicated airspeed of 
130 miles per hour was assumed. These valines of airspeed were con- 
verted t o  aiqlane impact p re s su r~s ,  which in turn were converted t o  
cylinder-head and cylinder-baxl'ol pressme Q o g s  by means of f l i g h t  
data taken at  various COWL-flq openings. A f i n a l  m l t i p l l c a t i o n  by 
the delnsity correction fac tor  CT gcve .the aAp values l i s t e d  in  
table  I. 

A t  
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(4) Average rear-syark-plug-boss and average rear-middle -barrel  
temperatures corresponding t o  the sTecif ied maximum temperatures in  
par t  A, t ab le  I, were obtained from f igures  5 t o  9. 

I n  addition t o  the values l i s t e d  i n  table  I, the  following air 
temperatures were assumed: 
carburetor-air temperatures, 100' F; at  a11 other powers cooling-air 
and carburetor-air temperatures, 60° F. 

a t  take-off power cooling-air and 

The r e s u l t s  of the following three s e t s  of calculations at  each 
of tne f o u r  specified engine operating conditions given in  table  1 
are  l l s t e d  i n  the respective par ts  of table Ii. 

A, Calculation of average and maximm rear-spark-plug-boss, 
max5clum rear-spark-plug-gasket, average and maximum rear-middle -barrel, 
and r n a x i m u m  rear-flange temperatures obtained when maintaining 
carburetor-air flows and cylinder-head and cylinder-barrel cooling- 
air gAp s:,ecified. 

B, Calculation of cylinder-head and cylinder-barrel oAp, which 
were necessary t o  maintain m a x l m u m  specified cylinder-head and 
cylinder-barrel temperature l i m i t s  with the specified carburetor-air 
flows * 

C. Calculation of carburetor-air flows an& corresponding brake 
horsepowers, which were obtained when maintaining a cylinder-bead and 
cylinder-barrel cooling-air oAp and m a x i m u m  specified cylinder- 
head and cylinder-barrel temperatures. 

Rasing calculations A and B on a constant carburetor-air flow 
f o r  a l l  engines introduces an error,  inasmuch as brake-specific-air- 
flow data indicate tha t  the f l i g h t  engine air flow w a s  about 5 percent 
higher than tha t  of the test-stand engines f o r  a given power level ,  
ThTs discrepancy may be due e i the r  t o  internal  engine differences o r  
e r rors  i n  carburetor .air-f low calibrations.  

A comparison of the resu l t s  of each calculation shows that,  at 
take-off power only, a l l  three engims exceed the manufacturer's 
s;ecified cylinder-head and barrel  temperature l i m i t s  given i n  re fer -  
ence 6. The high take-off temperatures obtained from cool-ing pre- 
dictions based on correlatior, calculations, however, are those tha t  
would be at ta ined i f  the assmed engine power and cooling conditions 
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were t o  be continued until temperatures stabil ized. 
never reached i n  actual  B-24D tests because the a i q l a n e  speed, 
assumed constant i n  the calculations, increased with time a d  the. 
engine pomr was decreased t o  standard climb conditia'm a f e w  minutes 
a f t e r  take-off. 
chosen f o r  the cooling calculations. 

This state w a s  

Fuiihermore, a severe air temperature (LOOo F) was  

The greatest difzerences i n  temperature, cooling-air pressme 
drops, and charge-air flows occur at  take-off power, A t  t h i s  power 
the average rear-spa;rlr-plug-boss tenperatme of the f l i g h t  engine is 
33' F higher than tha t  of test-stand engine 2, which is 3.6' F higher 
than tha t  of test-stand engine 1; the maximm difference 2n average 
rear-spark-plug-boss teqerat i ixe is therefore 49' F, o r  a decrease of 
9.3 percent from the highest temyerature. 
remains the s m e  but the temperature dilfference8 decrease. 
a t  recommended cruise power the average rear-spark-plug-3oss tempera- 
ture of the f l i g h t  engine is 7' F higher than tha t  of test-stand 
e x i n e  2, which is  9' F higfier than tba t  of test-stand engim 1; the 
maximm difference is tlierefore F, o r  a decrease of 4.7 percent 
from the highest temprature.  

A t  lower powers the sequence 
For example, 

It is  evident from the re la t ive  posit ion of the l i nes  i n  f ig- 
ure 2 tha t  the f l i g h t  engine runs sl5ghtly hot te r  than test-stand 
engine 2, which runs hotter  than Lest-stand engine 1, 
air  pressure drogs necessary t o  maintain engine operatlon at  the 
temperature l5mi t s  s ta ted i n  table  I d i f f e r  by as much as 47 gercent 
between any two engines a t  take-off power and by 35 percent at 
recomrneixied cruise power. The carburetor-air flows acd %he corre- 
sponding brake horsepowers attainable,  if l imit ing temperatures and 
cooling-air pressure drops of table  I are  maintained, d i f f e r  between 
any two engines by a m a x i m u m  of 25 percent at  take-off power and a 
maximm of 2 1  percent at recommended cruise power. 

Tlie cooling- 

The preceding observations indica% t h a t  the cooling character- 
i s t i c s  of R-1530-9.1 engines, when mounted. i n  the par t icular  t e s t -  
stand in s t a l l a t ion  used these invcstigations, are an uncertain 
indication of the cooling character is t ics  of similar engines obtained 
i n  f l i gh t .  
the  g w w n t  test;-stand engine d.ata witkin 10' t o  50' F, depending on 
the  power condition. 
is probably caused by discreyancies i n  carburetor air-flow measureaonts 
a d  i,nternal engine conditions and might be great ly  improved if the 

The engine tem:ieratui.es in  f l i g h t  can be pe l l ic ted  from 

This lack of agrcemcnt Ln cooling of the engines 
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engines were in  the sane condition with respect t o  r ing  wear, spark- 
plug conditions, m d  carbon deposits, and i f  i n fa l l i b l e  air-flow 
measurements were available in  f l i gh t .  

Ins ta l la t ion  differences between f l i g h t  and t e s t  -stand engines 
such as cooling-air control, cowling design, and exhaust piping 
probably contribute t o  a smaller extent t o  the disagreement between 
Tlight and test-stand cylinder temperatures. 

The actual  cylinder-temperature differences of the three engines, 
taken at  as nearly the 8ame conditions of carburetor-air flow, fuel- 
air  r a t io ,  and cooling-air pressure drop as could be found among the 
various data, were the same as the predicted t'emperature differences 
f o r  data taken a t  about the same t i m e  as the cooling-correlation 
data. A t  other times during the test  period of the engines, the 
measured cylinder-temperature differences bore much l e s s  r e l a t ion  to 
the predicted temperature differences, Each engine w a s  subjected t o  
at least one overhaul durl-ng its t e s t ing  period, which fur ther  indi-  
cates t h a t  noma1 changes in internal  engine conditions during the 
tes t ing  period a f fec t  internal cooling character is t ics  and the r e l a t ion  
of in te rna l  temperatures t o  external cool2nge 

SUMMARY OF BSUZTS 

Cooling predictions and a comparison of cooling ckaracter is t ics  
of two test-stand and one f l i g h t  R-1830-94 engines, equipped with 
the sane instrumentation, showed the folkwing resul ts :  

1. Under s i m i l a r  power and cooling conditions the average rear- 
spark-piug-boss temperatures attained on the three test  engines 
differed by a m a x i m u m  of 4 9 O  F at  take-off power and. by a m a x i m u m  
of 16' F at recommended cruise power (44-percent normal ra ted power). 
The cylinder temperatures of the f l i g h t  engine were usually higher 
than those of one test-Stan2 engine, which were higher than those of 
the other tcst-stand engine under s i m i l a r  power and cooling conditions. 

2. From an analysis of the cooling-correlation constants, the  
differences i n  temperature level  were most l ike ly  caused by internal 
engine differences, although different  methods of measuzing carburetor- 
a i r  flow may a lso  have contributed. 

3. Differences i n  cooling-air control, cowlings, and exhaust 
piping between f l i g h t  and test-stand engines had l i t t l e  e f fec t  on 
cylinder-temperature disagreements betxeen these two instal la t ions.  
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4. A cornpaxison of cooling prediction calculations such as w a s  
made mom these three eng2nes vas accurate f o r  a l imited period 
of the e x i n e  xunning timep and actual  cylinder temperatures of 
these er@iies paralleled calculated tem>eratures f o r  similar pover 
condition8 d-wing t h i s  period of t-ime. 
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(a) night engine. 0 Variable W, 
A Variable 6Ap 

(b) Tests tand engine 1. NAT I ONAL ADV I SORY 
COMMITTEE FOR AERONAUTICS. 

' ( 6 )  Test-stand engine 2. =AP 
6 

Figure 1. - Cooling-correlation curves f o r  R-1830-94 engines 
in flight and in test stand. Spark advance, 25O B.T.C. 
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(a) Cylinder heads; n/m, 1.990. 
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N A T I O N A L  A D V I S O R Y  
C O W I T T E E  FOR AERONAUT1 CS 

(b) Cylinder barrels; n/m, 1.350. 
Figure 2. - Cooling-correlation curves f o r  R-1830-94 engines 

in flight and in t e s t  stand using averaged value f o r  
exponent n/m. 
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Variation of reference mean effective gas temperature T 
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:O 
Average rear-spark-plug boss temperature, 9 

Figurn 4. - Deviation of maximum from average rear-spark-plug-boss 
temperature measured by embedded thermocouples. 
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Figure 5 .  - Deviation of maximum from average rearspark-plug- 
gasket temperature for fllgbt engine, 
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Figure 6. - Deviation of maximum Pram average rear-m%ddle-barrel ~ 

temperature. 
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Figure 7. - Deviation of maximum from average temperature measured 
at rear of cylinder hold-down flange. 



N A C A  R M  N O .  E61 12 

Figure 8. - Comparison of average rear-spark-plug-gasket temperature 
with average rear-spark-plug-boss temperature for f l i ght  engine. 
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Figure 9, - Comparison of average temperature at rear of cylinder 
hold-down flange w i t h  average rearmiddle-barrel temperature, 
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